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ABSTRACT 



A floppy disk drive controller interface implemented as 
an integrated circuit on a single semi-conductor chip. 
The controller connects to a host computer data bus 
ai'd one or more floppy disk drives. Based upon clock- 
ing and control signals received from a digital com- 
puter, the controller generates serial encoded data for 
recording on a floppy disk and receives serial encoded 
data previously recorded on a floppy disk. The control- 
ler comprises a read control circuit including a read 
data register, write control means including a write data 
register, a mode register, a status register, state latches, 
a decoder and spscis! function registers. The controller 
operates by the setting and clearing of the state latches 
and reading or writing the mode register, the status 
register, the special function registers, the read data 
register and the write data register. The Mtting of a state 
latch and accessing of a register is done simultaneously. 
The controller, imder software control, operates in a 
synchronous or asynchronous read/write mode, and 
slow or fast read/write mode. 

8 aaima, 4 Drawing Sheets 
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INTEGRATED FLOPPY DISK DRIVE ^H^'tH ^^^ '^^^'' ^H!}' '""=''«' « <!«=«»" "«« 

CONTROLLER ^^^'^'^T ."^'*'"- ^« controller operates by 

"-^ the setting and clearing of the state latches and reading 

This is a continuation of application Scr No 573 067 i ^L^^^ !• ""^^ ''«^»«'> ^^ ^utus register, the 
filed Jm. 24. 1984. now abandoned ' ' S^ r '°" "'«^""' ** '"^ '^'* ^K^'^^ and the 

'^^'^ *^'* register. The setting of a state latch and ac- 

BACKGROUND OF THE INVENTION "^8 o*" « register is done simultaneously. The con- 

1. Field of the Invention ^ "' ""'^"" ^ft^*" control, operates in a synchro- 

in^J^'t"" "'•"1'° "■" "*" of controller, for .0 ^r^^^^^ '^^'^ '^'' "«* *'°* or 

sSTeS^So^^^'^vtrrpStiSu^ya ^^-r^^^^^^"'^^— "«^-the 

for implemenution as «, int^,^ S^ "^ ^ ^^^1^^ ** fj;:"*' **"f °^ "l^' *'»'* '«<=''«• Two of 
1 Prior Art ™ '*'che» select one of two disk drives and turn the 

Floppy disk controller, for interfacing between di« u T^IZV°'^ °' "?* ,'*'*'^ **"^ '^^^ °° °' off. Four of 
tiJ computer, «.d floppy disk driv^ wS^ol^ ^hi^ " '^u'™' * "*PP~ "««°' in the disk drive 
Such disk drive, inch^e". mof^f^^ZfJ^Z ^tt^^Z^eT'r'' "^•' ^'^ "^ ""^^ '«>» 
dtsk^floppydiskbeingcomprisedof.flexibfemir.^ J^kjo^k^ofAe floppy *^The remaining two 
ahaped such that it is flat and circular and onto -hichk M^tv- J^ '^ . ° *^ decoder which decodes 
bonded . magnetic medium; a write h^ for reiSi* 20 nu^fn "'"'"'."S"*^ «ceived from the com- 

receiving bmary signals which turn the disk drive motor 25 BRIEF DESCRIPTION OF THE DRAWINGS 

read iiead as the magnetic medium rotates east iL Dist rnin -. • ... . .. 

drive controUers generate the necessary binary signSa 30 Dr^St invln^ ^™" °^ *' controUer of the 

to turn the disk drive motor on wdo^movei^he^ ^^ v ^°"-,^ u, 

«Kl write heads and send appropr^te "S to^ mTnJnf ,t" '*«'^'«*.'''°ck diagnun of the read control 
riectronic and logic circuitry of the diTk St> «^ ^,1^^ ^/T^Liri*""- 
the read and write he«is to read from orw^tTt^^ troT m«.l, of .If*^"* ^^°^^ '^^^ °^ '^'^ ^«* con- 
magnetic medium of the rotating floppyTist. D^k 35 '"^ ""^ "^ *« P'«»«" '"vention. 
^^'LT!^"°'"^" generate the appropriate signals to DETAILED DESCRIPTION OF THE 
tm!^« .^'*,"T°'^'^''**"^«''y*PP«>Pri«tecon- INVENTION 
tio^dataandclocks,gnalsreceivedfrom.digitalcom- A floppy disk drive controller, implemented as an 

fa U.S. Pat No. 4.210.959, a floppy disk drive con- 40 SJ^I T^^! ^ "^^^"^ '^^ P^^'dmg an interface 
troUer is disclosed comprised of a ^^^^7™^^ f^°ft ^T *^i*^ computer and a floppy disk drive. In 
register. controUer logic'^and tiSng^'^ta cS ^fonhT^ description, numerous specLIc details «e 
The serial/parallel shift register a LedTt^feJ Si ^S^AM "* *?^'^^ *°"^ ''^ "y**^ '""P^ «c.. to 
to and from the computer on a data t^ ThT^Sot^ Th '*'°"'."Bh,«''dentanding of the present inven- 
logic and timing means receive, signZ^,omt^S« 45 S^"r'^"'"^»«.'*^o«»'oo"c skilled in the art 
to pl«:e the controller logic meanlT^SS^^^ Sfh^lSf^' TT°" ""^ »* P^^^"** ^*o« 
We oode, of operation iSmely. re«l.°^ vKS- SiffT^^ ^..'° °*" ^'"''^ ^«^' know™ 
tect/write initialize, write recird^d^te^ "^ ^1?",::"«^ '^?'^ *" "'«='' '*'*8ram form in 
riding «,d writing is done in a synch^oul^« STdSl iS^*,^ '"^' *!r'!!'^°° « "«"«^ 
based upon a clock signal CLK The afcrcMirf in«^^ «, ^ . ' - "*** otherwise stated, for convenience, 
is directed to a «lati^ sim^e. b«Sf c^Zlw *" ??"^?k '°^'' ^ "* "^d to describe the inven"^ 
suitable for consumer L sLl "S appS« i^'S.^' """ "^ Z' i^*" •"" ^« "« «J'^-«'"t a. 
The present invention is an integration ofthT^n^^^T' J^ **"^ ^'^^ ^ • 'o^ and false, 

disclosed in U.S. Pat. No 4.m«9 ^^t^^Tid ler^ro "T""' ^'5'"'" embodiment of the control- 
unprovemenu including the capabUi^y ^"^^if « ''/ P;°:!?f'" "«<=rf«cc between microcomputers man- 
mode, of operation. capaouity of multiple 55 ufacturcd by Apple Computer. Inc. of Cupertino, cXf 

notcr^ ^ ** "* ^PP'e-'it computer and successor, thereto' 

BRIEF SUMMARY OF THE INVENTION f^ "°PPy disk drives such as Disk II manufactured by 

A floppy disk drive controller interface is disclosed ^PP'f^'nP"'". Inc. and succe«ors thereto, 
which U implemented in an integr.t«5ci^Jf T^ «^ «, ,.,^7™* ""' *? "°- '• *^' controller 11 of the 
troUercorniecUtoahostcompuKlT^rany^n^o; E .""'""'°",i '""^ " " "'*'^«=* *>^^ • 
more floppy disk drives. Based upon ctoc^rid wn S^ •"""" ?, ""•* ' ""PP^ ""^ ^'^^^ »«• The 
tro signals received from a digiii c^2 ^t Z SS.^„kTJ^""* *^ i ^"P'*** ^° *« controller 11 
m,ller generates serial encoded data forC^dSj ^a £^ 1^. aS"^"^*""^ **? HJ^ (P^^' control 
noppy disk and receives serial encoded dmSoZt « ^T ^^^' '^^'^'^ **'**=' •"" '^EV. reset line RESET 
recorded on a floppy disk. The^SoE c^ZS^ "'^ ^'«:'''"'«Q3 and FCLK. Although not part of the 
read control meansTduding a rLSlu "ster TS^ ^^ "i^'T'^, "^^ '"^r « "G. 1 is boo^OM o^ 
control me«« including a write dau regisST^: '^^^ZX ^,,^;^ ^/l tT^.^SZ 
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enable line ENABLE. When the computer is fint turned 
on, or whenever it is necessary to reinitialize the com- 
puter operating system, a program stored in boot ROM 
19 is utilized to instruct the controller II to read a pro- 
gram recorded on a floppy disk in disk drive IS and 
transfer it over data bus 17 to computer 13. Such boot 
or boot strap programs are well known in the art and 
will not further discussed herein. 

Data on data bus 17, depending upon signals which 
have been placed on control lines A0-A3, comprises a 
byte of data which has been received from the disk 
drive, which is to be sent to the disk drive or which is 
to be loaded into or read from registers within the con- 
troller 11. The c ontro Uer 11 is selected by the computer 
by a "ly on li ne DE^ and is placed in an initial state by 
a "V on line RESET. Qock signals generated by the 
computer on lines Q3 and FCLK are used by the con- 
troller as timing signals. Qock signals Q9 and FCLK 
are generated with periods which depend on the speed 
of the processor in the computer. In a preferred embodi- 
ment. Q3 is a 2 MHz clock and FCLK is a 7 MHz dock. 
Additionally, Q3 may be left at "0" (if only asynchro- 
nous mode is used) and/or FCLK may be 8 MHz. 

Data/control lines between the controller 11 and disk 



10 



15 



20 



spinning a floppy disk which has been inserted into the 
disk drive. In the disclosed embodiment, a sin gle bit in 
th e controller is used to generate a signal on ENABLl 
or ENABL2 and, therefore, only one of two drives can 
be selected at any given point in time. Of cuorse, with 
additional hardware, additional drives can be connected 
to the controller. It should be noted that although only 
one set of lines is shown as being coupled to controller 
11, with respect to lines such as SENSE, which may be 
set for one drive and reset for the other, appropriate 
logic circuits are employed to ensure that only signals 
from the selected drive are input to the controller logic. 

Referring now to FIG. 2, the main components of the 
controller 11 w<U now be described. The invented con- 
troUer comprises mode register 31; status register 33; 
read I's register 35; handshake/undemu flag register 
37; state latches 39; decoder 41; read control means 4S 
and write control means 47. Read control means 45 and 
write control means 47 will be discussed more fully 
below with respect to FIGS. 3 and 4 respectively. 

Once the controller 11 ha s been selected by the com- 
puter 13 by a signal on D EVandth e controller has been 
initialized by a signal on RESET (which sets the state 
latches to their default values), the controller is in- 



drive 15 are as foUows. Signals on lines PO through P3 25 structed by the computer to perform a particular func- 



control a stepper motor 22 which rotates a unit turn in 
either a forward or backward direction depending upon 
the signals on lines PO through P3. In a typical floppy 
disk drive, a unit turn is a oiie quarter turn, a one eighth 
turn, or a one sixteenth t'ora, however, this value is 
strictly drive dependent Each unit turn of the stepper 
motor causes the read and write heads to move a unit 
distance in a forward or backward direction. The unit 
distance the Leads move is also drive dependent, but 



tion by signals on A0-A3 which set or reset one of eight 
sute hitches 39 (PO through P3 and L4 through L7). It 
should be understood that regardless of the states of the 
latches PO through P3 and L4 through L7, unless the 
^ controller has been selected by a signal on DE V. no 
operations will be performed by the controller. DEV 
en ablw the controller when it is low. TTje falling edge 
of DEV latches information on AO through A3. One of 
the aforesaid eight latches is set by a "1" on AO and 



typical unit distances are one-half or one-quarter track. 35 reset by a *'0** on AO. The particular latch to be set or 



The binary signals on lines PO through P3 are input to 
track select amplifiers 23 which convert the binary 
signals into a voltage which rotates the stepper motor 
22. 

Signals on WRDATA are binary signals generated 40 
by the controUer and are input into read/write amplifi- 
en 25 of disk drive 15. Signals on WRDATA cause 
read/Mrtite amplifiers 25 to energize or de-energize the 
write head coil 26 to cause data to be written on the 
magnet ic moi ium as it spins under the write head. Sig- 45 
nals on WRR£Q enable to disable write head coU 26 to 
allow or prevent the writing of data based on 
WRDATA. Similarly, as the magnetic medium passes 
under the read head, the read head coil 26' is energized 
or de-energized and the detected data is converted by SO 
the read/write amplifiers 25 into a binary signal which 
is placed on line RDDATA. 

A write protect sense signal is generated by the disk 
drive 15 and placed on the SENSE line when a switch 
28 in the disk drive is closed to indicate that the disk 55 
drive has been placed in a write protect state. Such 
switch may be a mechanical switch operated by a user 
and/or a switch which detects whether a floppy disk 
jacket has a write protect notch, such as, for example, a 



reset based upon AO is determined by the address set on 
Al through A3. Table 1 shows the addresses on Al 
through A3 which correspond to latches PO through P3 
and L4 through L7. 

TABLE I 



A3 


A2 


Al 


LATCH 











PO 








1 


PI 





I 





P2 





1 


1 


P3 


I 








U 


1 





1 


L5 


1 


1 





L6 


1 


1 


1 


L7 



Signals on PO through P3 cause the stepper motor 22 
to operate as foUows. Setting PO causes the stepper 
motor to be placed in an initial state readying it for a one 
unit turn in either a forward or backward direction 
depending upon the next signal received. If the next 
signal received is PI (i.e., when latch PI is set), the 
stepper motor turns one unit which causes the read and 
write heads to move a unit distance forward. If P3 is set 
after PO, then the stepper motor turns one unit in the 



photoceU which causes a transistor switch to close 60 opposite direction and the read and write heads step one 

when light to it is blocked by the floppy disk jacket unit distance backwards. At this point, both PO and PI 

Lastly, drive select signals are genera ted by the con- are set (or PO and P3 if the heads are being moved 

troller an d placed on lines ENABLl o r ENABL2 . backwards) and PO is cleared. After PO is cleared, as- 

ENABLl is input to a first disk drive an d LNABL2 is suming additional forward head travel is desired, P2 is 

input to a second disk drive. Each of these ENABLl or 65 set which causes the stepper motor to turn an additional 
ENABL2 inputs is coupled to a drive motor amplifier 



27 which converts the binary signal into a voltage to 
cause a motor 29 in the disk drive to rotate thereby 



unit in the forward direction stepping the read and 
write heads another unit distance forward. If additional 
head movement in the forward direction is necessary, 
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PI is cleared and P3 is set causing an additional unit turn 
of the stepper motor. In a similar manner, if backwards 
movement of the read and write heads sre necessary, 
and PO has been set followed by P3, PO is cleared and P3 
is ssi followed by the clearing of P3 atiu the setting of 
PI, each of which causes the stepper motor to rotate a 
unit turn in the opposite direction and step the read and 
write heads a unit distance in a backwards direction. 
Further cycles of PO, PI, P2, P3 (for forward motion) 
or FO, P3, P2, PI (for backwards head travel), may be 
issued by the computer 13 by addresses on AO through 
A3, as appropriate, to cause the read and write heads to 
move to any desired track. 
The setting and clearing of L4 through L7 determine 



ting down drive motor 29. However, ifOBT is cleared, 
then th e clearing of L4 will not cause logic cinruit 42 to 
disable ENABLl or ENABL2 until a one second timer 
has elapsed (if LATCH is reset or until a one-half milli- 
secoad tiinei has elapsed if LATCH is set). Generally, it 
is preferable that there be a delay before turning off a 
drive motor because subsequent disk operations fre- 
quently occur in a very short time frame after prior disk 
operations. Thus, withou t the delay before disabling 
ENABLl or ENABL2, subsequent disk operations 
would be subjected to waiting for the motor to achieve 
proper speed. Of course, the operation system or other 
program in the computer should include appropriate 
waits or timing loops, when necessary, to ensure that no 



i seco 



10 



other functions to be performed by the controller 11 as 13 disk reads or writes are requested until the drive motor 

described below. b up to speed. Additional functions performed by the 

After the c opBoIIct has been selected by DEV and controller are determined by the settings of L6, L7, and 
initialized by RESET, and WRITE MODE REGIS- MOTOR-ON. L6. L7 and MOTORON select which 
TER IS set as described below, DO through D4 on the register is to be read or written as described below, 
dau bus 17 are loaded into the mode register 31 to select 20 Registers are read during any operation in which AO is 
a particular mode of operation for subsequent reads and being cleared. Registers are written t o whe n AO is being 
writes. The date on DO through p4 correspond respec- set L«, L7 MOTOR-ON, AO and DEV are input to 
tively to the signals LATCH, SYNCH, OBT, FAST decoder 41 which decodes the inputs and, as described 
and 8/7 of the mode register. LATCH will be discussed below, place: a "1" on one of the lines READ STA- 
more fully beio w with re spect to the read control means 25 TUS REGISTER, WRITE MODE REGISTER, 
45 and FIG. 3. SYNCH, when cleared, places the con- WRITE DATA REGISTER. READ DATA REGIS- 
tioUer in a synchronous mode for subsequent reads and TER, READ I's REGISTER or READ HAND- 
writcs. When SYNCH is set, subsequent reads and SHAKEAJNDERRUN FLAG REGISTER Each of 
writes are performed in an asynchronous mode. Both thefollowing operations take place as the falling edge of 
synchronous and asynchronous modes of operation will 30 DEV is input to decoder 41. 

be discussed more fully below with respect to FIGS. 3 When L«, L7 and MOTOR-ON are "0", the decoder 

■nd^ 41 places a "1" on READ I's REGISTER which 

OBT when dw ed enables a one second on board causes the read Ts register 35 to place a b>-te of binary 
timer. When OBT is set, the timer is disabled. The on Is on the data bus 17, lines DO through D7. The I's on 
board timer will be discu^cd more fully below with 35 the data bus are read into the memory of the computer 
respect to ENABLl and ENABL2 which select one of for use by the operating system or other program. 
two disk drives which are coupled to the controller. When L6, L7 are "0" and MOTER-ON is "1", the 

When FAST is cleared, the controller operates in decoder 41 places a "1" on READ DATA REGIS- 
slow mode. Normally, internal toeing of the controller TI:R. The function performed when READ DATA 
b based upon the clock signal CLK which is equal to 40 REGISTER is set will be discussed below witJi refer- 
the clock signal FCLK generated by the computer. ence to the read control means 45 and FIG. 3. 
When FAST is cleared, internal timing, i.e. CLK per- When L< is "l**, L7 is "0" and MOTOR-ON b "0" or 

iod, is equal to twice the period of FCLK. "1" (i.e. don't care), the decoder 41 places a "l" on 

8/7 abo relates to timing the FCLK. When an 8 MHz READ SFATUS REGISTER which causes the con- 
clock b in use, 8/7 b set If FCLK b running at 7 MHz, 45 tents of the mode regbter 31 and status regbter 33 to be 
8/7 b cleared. The value of 8/7 b used by the controller placed on data bus 17. such that the bus ta kes on th e 
to determine how many FCLK periods are required for following val ues; L ATCH b placed on DO, SYNCH b 
a given unit of time. For example, if FCLK b 8 MHz, placed on Dl, 5BT b placed on D2, FAST b placed on 
one microsecond wiU be eight clock periods; if FCLK b D3, 8/7 b placed on D4, MOTOR-ON b placed on D5, 
7 MHz, one microsecond will be seven clock periods. 50 a b placed on Dtf and SENSE, from the dbk drive, b 



Thb allows computers with 7 MHz clocks and comput- 
ers with 8 MHz clocks to read and write equivalently, 
that is, dau written by a computer with s 7 MHz clock 
can be read by a computer with an 8 MHz clock and 
visa versa. 

After the mode regbter has been loaded to set up 
particular modes of operation, one of the f *o drives b 
selected by latch L5 as foUovn. When latch L5 b 
cleared, drive 1 b selected. When latch L3 b set, drive 



placed on D7. The operating system or other program 
in the computer 13 b then able to determine the status of 
controller 11. 
When L6 b -O", L7 b "1" and MOTOR-ON b "0" or 
55 "1", the decoder 41 places a "1" on READ HAND- 
SHAKE/UNDERRUN FLAG REGISTER which 
causes the handshake/underrun flag regbter 37 to place 
"P's on DO through D5, an underrun flag URF on D6 
and a handshake flag HS on D7. The underrun flag 



2 b selected. After a drive has been selected, setting 60 URF and the handshake flag HS will be discussed with 

latch L4 will ckuse line MOTOR-ON to go to "1". respect to the write control means 47 and FIG. 4. • 

When lat ch L4 IS s et, if latch L5 b "0", drive 1 b en- When L« b "l", L7 b "1" and MOTOR-ON b "0", 

'M^Jty E NABLl; if L5 b "1", drive 2 b enabled by the decoder 41 places a "1" on WRITE MODE REG- 

E NAB L2. ISTER and the data on DO through D4 of the date bus 

OBT mentioned above ca n now be de sc ribed. Wh en 65 17 b written into the mode regbter 31 with DOcorre- 

OBT b set, if L4 b cleared, ENABLl or ENAEL2 b sponding to LATCH. Dl corresponding to SYNCH, 

dbabled by logic circuit 42, which includes the onboard D2 corresponding to OBT, D3 corresponding to FAST 

timer, depending upon the setting of L5, thereby shut- and D4 corresponding to 8 A Thb occurs during 
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WRITE MODE REG ISTE R at the rising edge of the LFTO and LFTl are input to shift register ciata logic 

logical function Q3 or DEV. circuitry 53 which sets line 55 if LFI 1 n "V or clears 

When Li, L7 and MOTOR-ON are "1". the decoder line 55 if LFTO is "1" unless SR7 is "l" (as described 

41 places a "1" on WRITE DATA REGISTER. The below), the datt on line 55 being the dau input to shift 

function performed when WRITE DATA REGIS- 3 registers?. 

TER is set will be discussed below with reference to The data on line 55, when shift register 57 is signaled 

write control means 47 and FIG. 4. by »"« clock 59 by a sigjial on Ime 60 is input to the 

The rwd control means 45 will now be discussed sWft regaxet one bit at a time. Shift clock 59 sets hne 60 

with reference to FIG. 3. As noted above, with L6 and «t the end of each LFTl pulse or LFTO pulse except 

L7 equal to "0" and MOTOR-ON equal to "1", the «0 when SR7 is set. SR7 is set after a full byte of data has 

decoder 41 places a T on READ DATA REGIS- been shifted into the sMft register. This occurs bccai»e 

TER. Of course, prior to reeling, the re«I head is Ae mituJ bit received by the shift register 57 from the 

moved to the desirrf track of the floppy disk by rotot- <»•»» stored on the disk « always a 1 accordmg to the 

ing the stepper motor 22 according to control signals on ^«P «»« ^8 Kheme uohzed for stonng data on 

PO throu^ ra as described above. As the flop>ydi»k " thf diskette. Wher«n the leadmg bit of a byte u always 

n,tates under the '^f J^^^^^"^^^ " Oni^ SR7 is set, load read daU register logic 61 gen- 

fainft the coil m the read head to be energized ana , .• ^» u- u .u j • • u-ii 

^^^^ . J . r, _ ^ ii»^niA-rA^~>__ erates a signal on line 63 which causes the dau in shift 

de<nergued calling Ovct^^ovs o" I^D^TA cor^ «^ , ,^^ ^^^ ^ ^^ ^^ 

spondmg u, s« bits and «=. ««^. ^'" °° Jjfj^^^! 20 ter «. The shift're^ter 57 is cleared one half a rLl 

medium. At th» time, nather the controUer nor the ^ ^,^^ ^^ ^j^^is set so that it is ready to accept 

computer can determme which poruon of a track is ^^ ^^^ ^ of data. 

under the read head. Therefore^ method for determin- .^^ ^^^^ line 63 is set by load read data register 

mg where data rcadmg should be started 1$ necessary. A logic 61 as'ollows. 

method for providing proper synchronization for such ^ ^ ,y„chii>nous mode, i.e. when SYNCH is "O", when 

purpose IS described m U.S. Pat. No. 4,2 10.959. ^^ ^ ^^^^ ^^^ ^^ ^^„ ^^^^ ^ ^ 1^,^^^ ^^ ^^ 

Once synchronization has been obtained, reading j-y, „, the shift register 57 each time the shift register 57 
proceeds as follovw. The read daU extractor 51 detects ^j^y^ ^y ^^ ^^^ ^f ^^ ^ i,y load read data register 
negative transitions of RDDATA synchronized to the ,„^^ ^, However, when X7 is set. i.e., when the first 
CLK clock signal. Each time a negaove transition of yy ,,irof the byte being read arrives at the far end of the 
RDDATA occurs, it resets an mterval counter. When ,^^ register and is parallel loaded into the read data 
8/7 is set, the interval is 16 CLKi. When 8/7 is reset, the register 65, the load read data logic 61 wUl hold line 63 
interval is 14 CLKs. The information on RDDATA is j^^ f^, (^^ cLKs after SRI (corresponding to bit I of 
spaced at these intervals or "around" these intervals. A ^^^^f^ register 57) becomes "1" due to the first bit of the 
"1" is a negative transition at the expected time, i.e. jj „gj, j,yte being shifted through shift register 57. This 
interval. A •'0" is no transition at the expected time. The jgiay ^ ,0 ensure that the byte in the read data register 
expected time is widened by approximately one-half an ^5 jj tj,„g^ ^^ therefore available to be routed to buffer 
interval before and after the expected time since the 66 and on data bus 17 DO through D7. long enough to 
data is net precisely spaced when read due to variations ^ 5^^^ by the computer 13. but not long enough to be 
in drive speed and other external factors. 40 ^g^^ as a valid byte twice. The rising edge of D7 is 

A negative transition of RDDATA is detected as a delayed by hold read data register logic 67 so that if D7 
-r and the read dau extractor 51 causes the signal jj read by the computer 13 as "1", it is guaranteed that 
LFTl to pulse to a "1" for one CLK cycle. The next the daU on DO through D6 will have been correctly 
expected dau is nominally at 16 CLKs when 8/7 is set. written into a register in the conputer 13. This delay is 
This may range between 16—8=8 CLKs and 45 created by the hold read dau register logic 67 as fol- 
16-1-7=23 CLKS Thus, if another negative transition lows. When LATCH is cleared, which it should be 
of RDDATA occurs between 8 and 23 CLKs. another during synchronous mode operation, and X7, corre- 
"l" is detected and LFTl pulses to a "1" for one CLK spending to bit 7 of read daU register 65, is set, output 
cycle. If no negative transition occurs on RDD ATA rr7 from hold read dau logic 67. which corresponds 
between 8 and 23 CLKs a "0" is detected and LFTO 50 to input bit 7 of buffer 66, is not set until 1 CLK period, 
pulses to "1" for one CLK cycle. when FAST is "1" (fast mode), and a i CLK period 

If a LFTl has occurred within the expected time, the when FAST is "0" (slow mode) aft er X7 is set 
interval counter is reset, otherwise the next expected In asynchronous mode, i.e. when SYNCH is set, read 

dau is nominally at 32 CLKs- This may range between (iau register 65 is parallel loaded from shift register 57. 
32-8=24 CLKS and 32-1-7=39 CLKs. If a negative 55 This ocurs by the load read daU register logic 61 setting 
transition of RDDATA occurs between 24 and 39 line 63 when SR7 is set. To ensure that the daU in read 
CLKs, a "I" b detected and LFTl will pulse to "1" for dau register 65 is properly loaded into a register in 
one CLK cycle. If no negative transition of RDDATA computer 13. in asynchronous mode, LATCH should 
occurs a •'O" is detected and LFTO wdll pulse to "1". always be set When LATCH is set, the dau on X7 is 
Similarly, subsequent intervals are widened from the «0 placedonRR7by held read daU register logic 67 at the 
nominal number of CLKs by minus 8 CLKs and plus 7 rising edge of READ DATA Rf GISTER. This en- 
CLKs with LFTl being pulsed if a negative transition sures that D7 will meet the set up aii J hold requiremenu 
of RDDATA occurs within the widened interval and of the computer 13. If D7 is read by the conputer 13 as 
LFTO being pulsed if there is no negative transition of "1", DO through D7 are correctly written into a register 
RDDAT.V When 8/7 is reset, LFTO and LFTl are 65 ofthecomputer 13. X7 will be reset by clear X7 logic 69 
pulsed as described above, except intervals are nomi- founeen FCLK's after READ DATA REGISTER is 
nally 14 CLKs and are widened minus 7 CLKs and plus set and D7 is "1" (i.e.. the byte has been read by the 
6 CLKs. conputer) so that X7 will be clear and the conputer 13 
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will not re-read the byte as valid daring subsequent 
polling, Le., setting of READ DATA REGISTER. 

Write control means 47 will now be described with 
reference to FIG. 4. Write control means comprises 
write data register 81 for receiving a byte of data to be 
written on the disk, shift register 83 for converting the 
parallel data in write data register 81 to serial form, and 
toggle 85 for generating the bitstream which is to be 
written onto the disk . Write control means 47 further 
comprises load/shift logic 87, haodshake/underrun 
logic 89, write shift clock 91 and WRREQ logic 93, all 
cf which control the timing of the write control means. 

To initiate a write. L6 is set, L7 is cleared to set up a 
pre-write state. The pr e-wri te state initiaiizes the write 



10 



with data from write data register 81. When 8/7 is set. 
shifts and toggles are separated by 8 CLKs. When 8/7 is 
reset, toggles occur 6 CLKs after shifts, and shifts occur 
8 CLKs after toggles. 

Due to the relaxed timing which occurs daring asyn- 
chronous writes as compared to synchronous writes, 
the following additional operations are needed to ensure 
that data is being properly written. Handshake flag HS 
is set by handshake/undemin logic 89 upon the comple- 
tion of a parallel loading of shift register 83, as deter- 
mined by signals on lines 97 and 99 and reset by the 
handshake/undemm logic 89 when WRITE DATA 
REGISTER is enabled. Since computer 13 can issue a 
ccmmand to clear L6 which will cause the decoder to 



rtuft clock 91 and load /s hift log ic circuit 87 setting line 15 enable READ HANDSHAKE/UNDERRUN FLAG 
99, sets WRDATA and WRREQ. resets ondemin flag 



URF in handshake/underrun flag register 37 and initial- 
izes a toggle clock in toggle 85. Prior to actual writing, 
L4 and L5 should be nlaced in aoDroeriate states to 



REGISTER, the status of the handshake flag HS can be 
determined by the computer. That is the computer can 
poll the handshake/underrun flag register 37 until the 
HS flag b -r iadicatiag that the write data register 81 



select the desired drive and set MOTOR-ON. When L6. 20 has been parallel loaded into the shift register 83 and the 
L7 and MOTOR-ON are "1", the decoder places a "1" write dau register is availab 



on WRITE DATA REGISTER which k>ads data from 
data bus 17, DO through D7, to the write data k^M 
81 at the rising edge of the logical function Q3 or DEV. 
This register is in turn parallel loaded into shift register 23 
S3 as follows. As noted above, when load/shift control 
logic 87 is initialized, line 99 b set When line 99 b set. 
a pulse frotn the write shift clock 91 oo line 97 causes 
diua in write data register 82 to b e latched into shift 



register is available for another byte of data. 
Once the computer detects that the write data regbter 
81 b available, it may issue a command to set L6 which 
will enable WRITE DATA REGISTER which will 
cause the byte on data bus 17 to be written into write 
data register 81. 

To ensure that a new byte of data has in Gun been 
loaded into the write data regiister 81 prior to loading 
the shift regbter 83. the undnrrun flag URF in hand- 



regbter 83. In asynchronous mode (SYNCH is set), the 30 ,hake/underrun flag regbter 37 b employed as follows. 



load will be completed approximately eight CLK's after 
'VRTTE DATA REGISTER has been set In synchro- 
nous mode, the load will be completed between four 
and five Q3 periods after WRITE DATA REGISTER 
has been set _____ 

In synchronous mode, (SYNCH b reset) writing con- 
tinues as follows. Once the dau has been loaded into 
shift regbter 83, the most significant bit in the shift 
regbter will be shifted onto line 95 which will cause 



3$ 



As noted above, during the pre-write state when writ- 
ing b initiated, undemm flag URF b reset, Le. when L7 
b '*0". The undemin flag URF b set by handshake/un- 
derrun logic 89 when the parallel load of the shift regis- 
ter 83 ends, if the handshake flag b ss'-. indicating a new 
byte has not been written into the write data regbter 81. 
Since the current state of undemm flag URF b input to 
WRREQ logic 93 through line 101, if URF b set then no 
new dau has been loaded into write dau regbter 81 



, Z ^- .77 . "zrl ' , new dau has been loaded mto wnte d au regist er 81 

1^ ^^^ ^'^^VK^^^T^ "* ^^' ^™° ** before loading the shift r egbter 83, and WRREQ logic 
1 toy since WRDATA is mitiauzed at "1" and, 93 ^ill enable WRREQ b efore tb • next transition of 
accordmg to the group code coding s ch e m e used, the WRDATA occurs. When WRRE 5 b 
first bit of a byte mt'« be a "1". Shift regbter 83 will 
shift every eight Q3 periods after it has been loaded, 
followed two Q3 periods later with a toggle, if the date 45 
on line 95 b a "I**, and will continue such shift and 



toggle until the byte has been written. Thus, a byte of 
dau is shifted out and written in 64 Q3 periods and a 
new byte of dau can then be parallel loaded into shift 
regbter 83. With thb timing, a "1" must be placed on 50 
WRITE DATA REGISTER every 64 Q3 periods, 
otherwise Cs will be shifted out of shift regbter 83. 
During synchronous mode URF b always reset so that 
URF doe s not prevent writing dau on disk by causing 
WRREQ to be set 55 

When the controller b in asynchronous mode 
(SYNCH b set), the timing constraints of synchronous 
writes are relaxed. When in asynchronous mode, write 
control means 47 operates as follows. After shift regis- 
ter 83 has been parallel loaded with the dau from write 60 
dau regbter 81. the most significant bit in shift regbter 
83 will be shifted onto line 95 and after eight more CLK 
periods, toggle 85 will cause WRDATA to toggle from 
"l" to "0" since, as noted above, the most significant bit 
must be a "1". Subsequent shifts and toggles are sepa- 65 
rated by eight CLKs. After all ei ght bits have been 
shifted out of shift regbter S3, load/shift logic 87 places 
a "1" on line 99 which parallel loads shift regbter 83, 



'1", the write 
bead b disabled preventing the same byte of dau from 
being rewritten. URF can only be reset by exiting from 
writing. Le.. when L7 b "0". 

For an example showing how latches L4 through L7 
are set by the computer during asynchronous writes, see 
Table 2. For an example showing how latches L4 
through L7 are set by the compui cr during synchronous 
writes, see Table 3. 

TABLE 2 











(Aiynchraooui Writes) 


L4 


L5 


L6 


t7 


MOTORON 


Action 

















inititl state 








1 








MtU 








I 


' 





Mt L7: write dau oa but 








1 








clear L7 

















clearU 


1 











1 


«el L4: (elect drive I. let 
MOTORON 







I 





1 


•et L6; prt-wriie stua 
isutiAlize write sliiA 
flock 91; initulize load/ 
shift control; set WROATA; 
set VvRREd r«el URF 


1 





1 


1 


' 


Kt L7; enable WRITE DATA 
REGISTER 


1 








1 


' 


clear L6; read HS and 
URF flap 
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(Asynchronous Writes) 


L4 


u 


u 


L7 


MOTOR-ON 


Action 
















coiuinue polling HS (Ug 
nntil it tun been set 







' 








set U: enable WRTTE DATA 
REGISTER 
















deu U: raad HS ind URF 
(Up 
















contiaue polling HS flag 
until It hu been set 







1 








set L6: enable WRITE DATA 
REGIS'IER 







I 


























ekarU 


















dearie 



















MOTOR-ON clean 
after cmer counts down 


TABLE 3 












(SrnchiDnous Wntej) 


L4 


LJ 




Li 


L7 


MOTOR-ON Action 



















initial suic 










1 








setU 










1 


' 





set L7; write datt on boa 
iaio mode register 










1 








clearLT 



















ckarL6 


■ 













1 


set lA; select drive 1, set 
MOTOR-ON 


I 












1 


set L6: pre-write state; 
initialize write shift 
clock; initialize load/ 
shift control; set 




WROATA; set WRMdj 


' 







1 


1 


I 


set L7; place a byte of dau 
on dau bus 17 every 64 Q3 
clocks 


1 







' 





1 


dear L7; exit write nude 
when done 


1 













I 


clear L6 
















I 


dearU 



















MOTOR-ON clean 



a read control means and a write control means 
based upon said decoded commands; 

mode storage means coupled to said decoder means 
end for coupling to said computer, said mode stor- 
age means for storing data sent by said computer 
indicating modes of operation selected by said 
computer, said modes of operation including at 
least one of synchronous/asynchronous reading 
and writing and fast/slow dock; 

said status register means coupled to said decoder 
means, and for coupling to said floppy disk drive 
and said computer for storing information regard- 
ing the jitatus of said at least one disk drive and the 
controUer for interrogation by said computer, said 
stttiis being determined by the contencs of ^aid 
modi: storage means and said status register means; 

said read control means coupled to said mode storage 
means, and for coupling to said computer snd said 
at least one disk drive for receiving data from said 
disk drive and sending said data to said coirputer in 
a mode of operation as determined by said mode 
storage means; and 

said write control means coupled to said mode stor- 
age means, for coupling to said at least one disk 
drive for receiving data from said computer and 
sending said data to said disk drive in a mode of 
operation as determined by said mode storage 



30 



The diclosed controller may be packaged in a stan- 
dard 28 pin, 600 mil plastic DIP using well known prior 
art methods. All of the pinouts are shown in FIG. 1, 
except for voltage source Vcc and ground. 

Thus, a disk controller for interfacing between a 
digital computer and a floppy disk drive which may be 
implementMl as an integrated circuit has been de- 
scribed. The controller is capable of performing multi- 
ple modes of operation, including fast and slow clock- 
mg and synchronous and asynchronous reading and 
writing. 
We claim: 

1. An integrated circuit floppy disk drive controller 
formed in a single semiconductor device for interfacing 35 
between a digital computer having an address bus and a 
data bus, and at least one floppy disk drive, said disk 
drive controller and said computer being coupled by 
said data bus, said computer generating a clock signal 
which is input to said controUer, said controUer com- 60 
prising: 
state storage means for coupUng to said computer by 
said address bus for storing state commands sent by 
said computer; 
decoder means coupled to said state storage means 63 
for decoding state commands stored in said state 
storage means and generating control signals for 
controlling the operation of a status register means. 



10 
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20 



25 



X The controller de.tned by claim 1 wherein the state 
30 commands stored in said state storage means control 
positioning of a stepper motor in said at least one disk 
Jnve, eiuble and disable a ilrive motor in said at least 
one disk drive, select one of said at least one disk drives 
to write to or read froni, and cause said decoder means 
33 to generate said control signals as determined by said 
state commands. 

3. The controUer defined by claim 2 further compris- 
ing a delay timer wherein said modes of operation are 
asynchronous reading and writing, synchronous read- 

40 tng and writing, timing based on said clock signal nm- 
ning at a first speed, timing based on said clock signal 
running at a second speed, enabling said delay timer for 
turning off a drive motor in said at least one disk drive, 
and disabling said delay timer for turning off said disk 

<S drive motor. 

4. The controUer defined by claim 1 wherein the 
information stored in said status register means is used 
to inform said computer when said at least one disk 
drive is in a write protect state and when a drive motor 
in said at least one disk drive is activated. 

5. The controUer defined by claim 1 wherein said 
read control means comprises: 

a read data extractor means for converting serial 
signals received from said disk drive into a plurality 
of serial pulses representing binary M's and binary 
•O's; 

a shift register means coupled to said read data ex- 
tractor means for converting said pluraUty of serial 
pulses into paraUel data; 

a register means coupled to said shift register means 
for storing paiaUel data from said shift register 
means until said paraUel data can be placed on said 
data bus for transfer to said computer; and 

a read data control means coupled to said read data 
• e.<(tractor means, said shift register means and said 
register means, said timing signal from said com- 
puter being input to said read control means, said 
read data controls means for controlling the load- 



Page 0011 of 0012 



Apple Computer Inc. Patent : 4_742_448 



13 



4,742,448 



14 



ing of data into said shift register means, said regis- 
ter means and onto said data bus, and using said 
timing signal to ensure that data sent to said com* 
puter is not lost and is not duplicated. 

C The controller defined by claim 5 wherein said 
read data control means comprises: 

a read shift clock coupled to said read :utractor 
means and said shift register means for generating a 
signal to cause said shift register means to shift so as 
to be loaded with data based on said plurality of 
serial pulses; 

a load rnd data register logic circuit, coupled to said 
shift clock, said shift register means and said regis- 
ter means, which sends a signal to said register 
means when prior data in said register means had 
been received by said computer aa determined by a 
bit in said register mean^ 

a bold read data register logic circuit coupled to said 
register means and a buffer means, said buffer 
means also being coupled to said register means, 
said hold read data register logic circuit sending a 
signal to said buffer means af^ a predetermined 
period of time which is long enough to ensure that 23 
data in said buifer means hss been properly trans- 
ferred to said computer, said predetermined period 
of time being based upon the timing of SAid com- 
puter as determined by said clock signal fro.n said 
computer. X> 
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7. The controller defined by claim 1 wherein said 
write control means compri!>es: 

register means for storing parallel data from said 
computer to be sent to said disk drive; 

shift register means coupled to said register means for 
converting said parallel data into a serial bit stream; 

toggle means coupled to said shift register means for 
generating pulses representing binary M's and bi- 
nary "O's which are sent to said disk drive; and 

write dau control means for controlling the loading 
of data from said computer into said register means, 
said shift register means, and said toggle means, to 
ensure that data sent to said disk drive is not lost 
and b not duplicated. 

8. The controller defined by claim 7 wherein said 
write data control means comprises: 

a write shift clock coupled to said shift register 
means; 

a loau mod shift register logic circuit, coupled to said 
shift register means and said write shift clock, 
which sends a signal to said shift register means 
causing the shift register means to load data from 
said register means and shift dau which has been 
previously loaaed; and 

a handshake/underrun logic circuit coupled to said 
load and shift register logic circuit, and said write 
shift clock for generating signals to inform said 
computer when said register means is ready to 
receive additional data from said computer. 
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